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Dear Hans, 

I thought  i t  might be  u s e f u l  i f  I a m p l i f i e d  some of t h e  
comments I made when w e  d i s c u s s e d  t h e  p o s s i b i l i t y  of  f e d e r a l  
l e g i s l a t i o n  t o  r e g u l a t e  r e s e a r c h  on recombinant DNAs  a t  t h e  
l a s t  meet ing  of ou r  committee.  I shou ld  emphasize a t  t h e  be- 
g i n n i n g  t h a t  I r e f e r  s p e c i f i c a l l y  t o  r e s e a r c h  a c t i v i t i e s  and 
n o t  t o  the ccmmercial d i s t r i b u t i o n  of some p roduc t  of t h a t  
r e s e a r c h ,  which I t h i n k  could  be  covered by e x i s t i n g  r egu la -  
t o r y  l a w .  

There is  no q u e s t i o n  i n  my mind t h a t  l e g i s l a t i o n  l ead -  
i n g  t h e  d i r e c t  r e g u l a t i o n  of t h i s  r e s e a r c h  would be  a major  
mistake. We must keep reminding o u r s e l v e s  and o t h e r s  t h a t  
no  one h a s  demonst ra ted ,  on t h e  b a s i s  of f a c t ,  t h a t  any ha- 
z a r d  is  indeed  posed by t h i s  r e s e a r c h .  I n  f a c t ,  t h e  i n f o r -  
ma t ion  t h a t  h a s  been g a t h e r e d  s i n c e  t h e  i n c e p t i o n  of recombi- 
n a n t  DNA t echnology l e a d s  t o  t h e  o p p o s i t e  conc lus ion .  It may 
be wor thwhi le  t o  summarize some of t h i s  i n fo rma t ion  h e r e .  

(1) A g r e a t  v a r i e t y  of recombinant  DNAs have  been made 
i n  a l a r g e  number of l a b o r a t o r i e s  d u r i n g  t h e  p a s t  t h r e e  and 
one-half  y e a r s  w i thou t  caus ing  h a m .  I n  my l a b o r a t o r y  a l o n e ,  
w e  have c r e a t e d  t e n s  of thousands of d i f f e r e n t  DNA recombinants  
i n  which s m a l l  segments of an imal  DNAs ( i n  t h i s  case, from 
Drosoph i l a  me lanogas t e r ,  t h e  c lass ica l  organism u s e d , o v e r  t h e  
p a s t  70 y e a r s  f o r  g e n e t i c  s t u d i e s )  have been i n s e r t e d  i n t o  t h e  
bacterium, E . c o l i  K 1 2 .  Equal ly  l a r g e  c o l l e c t i o n s  o f  recombi- 
nants o f  D.  melanogas te r  have been made i n  several o t h e r  la-  
b o r a t o r i e s ,  b o t h  i n  t h i s  coun t ry  and i n  Europe. S i m i l a r l y  
l a r g e  c o l l e c t i o n s  of recombinants  c a r r y i n g  DNA segments from 
many o t h e r  euka ryo te s  ( e .g . ,  y e a s t ,  o t h e r  f u n g i ,  s i l k  moths,  
p l a n t s )  have been inade i n  o t h e r  1 a b o r a t o r i e s . h  no case h a s  
any i l l n e s s  r e s u l t i n g  from t h e  hand l ing  of t h e s e  recombinant  
DNAs been observed .  The p o i n t  i s  t h a t  t h i s  a r e a  of r e s e a r c h  \\% 

is n o t  t h e  i n f a n t  i t  once w a s ,  and t h a t  w e  are  b u i l d i n g  a con- 
s i d e r a b l e  b a s e  of p r a c t i c a l  expe r i ence  t h a t  a rgues  a g a i n s t  t h e  
h a z a r d s  t h a t  some imagine might occur  by chance from such  i 
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random DNA recombinants.  

(2)  Experiments c a r r i e d  o u t  bo th  i n  t h e  U.S. (Dr. S .  
F a l k o a ,  U n i v e r s i t y  of Washington, S e a t t l e )  and i n  England 
(Dr. H. W i l l i a m s  Smith, Houghton Research S t a t i o n ,  Huntingdon) 
demons t r a t e  t h a t  t h e  h o s t  bac t e r ium,  E . c o l i  K 1 2 ,  does  n o t  
become pa thogen ic  even a f t e r  t h e  i n t r o d u c t i o n  of a plasmid 
c o n t a i n i n 2  a gene t h a t  produces  a known t o x i n  (th.e Ent t o x i n ) .  
Th i s  plasmid o c c u r s  i n  n a t u r e  and t h e  gene f o r  t h e  Ent t o x i n  
t h a t  i t  carries is  known t o  be  a c t i v e  i n  the  E . c o l i  K 1 2  h o s t ;  
y e t  t h e s e  b a c t e r i a  d i d . n o t  become pa thogenic ,  as demonst ra ted  
by f e e d i n g  them t o  expe r imen ta l  an ima l s .  The p o i n t  made h e r e  
is  clear: i f  a t o x i n  gene t h a t  i s  des i sned  t o  be  expres sed  
i n  E . c o l i  K 1 2  does n o t  r ende r  t h i s  bac te r ium pa thogen ic ,  what 
chance does  a f o r e i g n  gene, which is  n o t  so des igned ,  have? 
I shou ld  emphasize t h a t  t h e  p lasmid-E.col i  8 1 2  sys tem used 
h e r e  w a s  a f  t h e  ga rden-va r i e ty  t y p e ,  n o t  t h e  h i g h l y  disarmed 
sys tems known as ER2 i n  t h e  N I H  g u i d e l i n e s .  

-- 

(3)  Experiments c a r r i e d  o u t  by D r .  R.W. Davis (S tan fo rd  
. U n i v e r s i t y )  demonst ra te  t h a t  v e c t o r s  c a r r y i n g  segments of f o r -  
e i g n  DNA are l o s t  when grown i n  compe t i t i on  w i t h  t h e  p a r e n t  
v e c t o r ,  which does n o t  c o n t a i n  t h e  f o r e i g n  DNA. I n  t h e s e  ex- 
pe r imen t s ,  random segments of y e a s t  DNA w e r e  i n d i v i d u a l l y  i n -  
s e r t e d  i n t o  t h e  X phage v e c t o r  and a p o p u l a t i o n  of t h e  r e s u l t -  
i n g  recombinant DNAs c o l l e c t e d  which conta ined  many thousands  
of d i f f e r e n t  y e a s t  DNA segments - more than  enough t o  i n c l u d e  
a l l  of t h e  genes i n  y e a s t .  To t h i s  p o p u l a t i o n  w a s  added a ve ry  
s m a l l  amount of t h e  p a r e n t a l  X phage v e c t o r ,  such  t h a t  i ts  con- 
c e n t r a t i o n  i n  t h e  p o p u l a t i o n  w a s  no g r e a t e r  t h a n  t h a t  f o r  any 
one of  t h e  hybr id  DNAs .  When t h i s  m i x t u r e  w a s  t hen  allowed t o  
grow, t h e  p a r e n t a l  X phage always d i s p l a c e d  t h e  phage c a r r y -  
i n g  t h e  y e a s t  DNA from t h e  p o p u l a t i o n ;  i . e . ,  t h e  recombinant 
DNAs c o u l d  n o t  s u r v i v e  i n  compe t i t i on  w i t h  t h e  p a r e n t a l  DNA. 
The p o i n t  h e r e  i s  t h a t  t h e  s y n t h e s i s  of a recombinant DNA i n  
t h e  l a b o r a t o r y  does n o t  n e c e s s a r i l y  r e p r e s e n t  a n  " i r r e v e r s i b l e "  
event, as some have argued.  T h i s  ev idence  c l e a r l y  a rgues  
a g a i n s t  s c e n a r i o s  t h a t  i n v o l v e  epidemic c a t a s t r o p h i e s  r e s u l t i n g  
from recombinant DNAs. Another p o i n t  should be  emphasized t h a t  
is a l l  t o o  o f t e n  f o r g o t t e n  - namely t h a t  the  v a r i o u s  n i c h e s  i n  
t h i s  world are a l r e a d y  occupied  by o r g a n i s m  t h a t  are t h e r e  be- 
cause they  have a compe t i t i ve  advantage  over  o t h e r  organisms 
t h a t  may e n t e r  t h e  n i c h e .  And t h i s  advantage g e n e r a l l y  r e su l t s  
from m u l t i p l e  gene d i f f e r e n c e s  - no t  t h e  kind of gene combina- 
t i o n s  t h a t  one could  create i n  t h e  l a b o r a t o r y  by random i n s e r -  
t i o n  of  a s m a l l  segment of  DNA. 

(4) Evidence has  been o b t a i n e d  demonst ra t ing  t h a t  gene- 
t i c  exchange does  occur  i n  n a t u r e  between such d i v e r s e  organisms 
as b a c t e r i a  and p l a n t s .  Thus D r .  Eugene Nester's group a t  t h e  
U n i v e r s i t y  of Washington [Nes te r  e t  a l .  (1976) .  1 0 t h  Miles 
Symposium, i n  p r e s s ]  has  o b t a i n e d  d i r e c t  ev idence  t h a t  genes 
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from a b a c t e r i a l  p lasmid  are  i n c o r p o r a t e d  i n t o  p l a n t  c e l l s  i n  
n a t u r e .  I h i l e  t h e  f requency  of such g e n e t i c  exchanges between 
d i v e r s e  s p e c i e s  h a s  n o t  y e t  been determined i t  would be  a r r o -  
gan t  of u s  t o  assume t h a t  what w e  can  6o so e a s i l y  i n  t h e  la-  
b o r a t o r y  does n o t  occur  commonly i n  n a t u r e .  When one t a k e s  
i n t o  account  t h e  enormous tonnage of f l o r a  and f auna  t h a t  a r e  
a n n u a l l y  clegraded i n  t h i s  world by b a c t e r i a ,  and t h a t  t h e  en- 
zymes r e q u i r e d  f o r  making recombinant DNAs a r e  p r e v a l e n t  i n  
t h e s e  b a c t e r i a ,  as a r e  t h e  r e q u i r e d  DNA v e c t o r s ,  t hen  one 
must i n f e r  t h a t  t h e  i n s e r t i o n  of e u k a r y o t i c  DNA i n t o  t h e s e  
v e c t o r s  and t h e  subsequent  i n f e c t i o n  of t h e  b a c t e r i a  by t h e  
r e s u l t i n g  hybr id  DNAs i s  a n  eve ry  day occur rence .  O r  p u t  ano- 
t h e r  way, one would have t o  i n v e n t  - ad hoc i n h i b i t o r y  mechanisms 
t o  supposc t h a t  i t  does n o t  occur  on a r e g u l a r  b a s i s .  The 
r e a s o n  t h a t  w e a r e o n l y  now o b t a i n i n g  ev ldence  f o r  such  g e n e t i c  
exchanges i s  t h a t  t hey  have n o t  been looked f o r  p r e v i o u s l y .  
And t h i s  is because  i t  is  on ly  r e c e n t l y  t h a t  w e  have under- 
s tood  some of t h e  mechanisms by which such  e v e n t s  can occur .  
[An e x c e l l e n t  d i s c u s s i o n  of t h e  e v o l u t i o n a r y  i m p l i c a t i o n s  of  
such  exchanges i s  g iven  by D a r r y l  C.  Reanney ( 1 9 7 6 ) .  Bact. 
Rev. - 4 0 ,  552-5901. 

I shou ld  a l s o  l i k e  t o  c a l l  a t t e n t i o n  t o  t h e  f a c t  t h a t  
p l a n t  g e n e t i c i s t s  have f o r  some t i m e  been mixing chromosome 
sets from d i f f e r e n t  s p e c i e s  w i t h  b e n e f i c i a l ,  n o t  hazardous e f -  
f e c t s .  Here t h e  amount of g e n e t i c  mixing i s  much g r e a t e r  t h a n  
t h e  s m a l l  amount t h a t  can be  e f f e c t e d  by i n t r o d u c i n g  a s h o r t  
segment of DNA i n t o  an  extrachromosomal v e c t o r  such as a p l a s -  
mid o r  a v i r u s .  

I have t aken  t h e  t i m e  t o  make t h i s  summary because  t h e  . 

p o i n t s  i t  c o n t a i n s  a re  g e n e r a l l y  ignored  by t h o s e  who would 
induce  f e a r  by c r e a t i n g  imagined s c e n a r i o s  of c a t a s t r o p h e s  
t h a t  are  i n c r e a s i n g l y  d ivorced  from r e a l i t y .  For t h e  Congress 
of t h e  Uni ted  S ta tes  t o  g e n e r a t e  l a w s  r e g u l a t i n g  recombinant  
DNA r e s e a r c h  i n  t h e  absence  of a demonstrated need and based 
on  t h e s e  f e a r s  would indeed  b e  a g r i evous  mis take .  Fo r ,  with-  
o u t  f a c t u a l  cause  and induced by p a n i c  of  e r r o r ,  a c o s t l y  
bureaucracy  would the reby  be c r e a t e d  whose s o l e  known e f f e c t  
would b e  t o  i n h i b i t  t h e  c o n s i d e r a b l e  b e n e f i t s  t o  bo th  h e a l t h  
and a g r i c u l t u r e  t h a t  w i l l  r e s u l t  from t h i s  r e s e a r c h .  Some of 
t h e s e  b e n e € i t s  w e  can now s p e c i f y  wi thou t  r e c o u r s e  t o  specu la -  
t i o n .  For example, w e  now know and can d e f i n e  t h e  s t e p s  re- 
q u i r e d  t o  produce a med ica l ly  u s e f u l  p r o t e i n ,  such  as i n s u l i n ,  
i n  l a r g e  amounts i n  E . c o l i  K 1 2 .  [ I  choose i n s u l i n  f o r  t h i s  
example because t h e r e  i s  a v e r i f i e d  and i n c r e a s i n g  s h o r t a g e  
of  t h i s  p r o t e i n  t h a t  cannot  b e  m e t  by e x i s t i n g  modes of pro- 
d u c t i o n ] .  The number of s t e p s  and t h e i r  p rec ise  n a t u r e  i s  such  
t h a t  w h i l e  t h e  end r e s u l t  can b e  ach ieved  by a series of care- 
f u l l y  des igned  exper iments ,  t h e  p r o b a b i l i t y  of producing t h a t  
r e s u l t  by chance recombinants  i s  s o  low t h a t  i t  can b e  ignored .  
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The r eason  w e  can d e f i n e  t h e s e  s t e p s  i s  t h a t  w e  know so 
much about  gene e x p r e s s i o n  i n  E . c o l i  K12. To r e a p  o t h e r  k i n d s  
of b e n e f i t s ,  such  as an  i n c r e a s e d  and cheaper  food supply  by 
m o d i f i c a t i o n  of c rop  p l a n t s ,  we s h a l l  neod a comparable know- 
l e d g e  abou t  gene e x p r e s s i o n  i n  h i g h e r  organisms.  The on ly  way 
I know of t o  o b t a i n  t h i s  knowledge i s  through t h e  u s e  of  t h e  
recombinant  DNA technology.  

A l l  o f  t h i s  r e s e a r c h ,  b o t h  t h e  immediately p r a c t i c a l  and 
t h a t  n e c e s s a r y  f o r  t h e  l o n g e r  range  bene f i t s ,wou ld  be  s e v e r e l y  
i n h i b i t e d  by d i r e c t  f e d e r a l  r e g u l a t i o n .  Consider  t h e  t a s k  of 
such  a r e g u l a t o r y  agency. It would have t o  d e v i s e  r u l e s  t h a t  
would cover  recombinant  DNA r e s e a r c h  w i t h  any of  a l l  l i f e  forms 
t h a t  i n h a b i t  t h i s  e a r t h ,  and ,  be ing  r e g u l a t o r y ,  would have t o  
de t e rmine  t h a t  t h e s e  r u l e s  are  be ing  folLowed. The o n l y  con- 
c e i v a b l e  way i t  cou ld  g e n e r a t e  such  r u l e s  would b e  t o  e s t a b l i s h  
a r e l a t i v e l y  s m a l l  number of b i o l o g i c a l  boundary l i n e s  f o r  
c l a s s i f y i n g  t h i s  vast area of  expe r imen ta t ion .  
means t h a t  p a r t i c u l a r  exper iments  would 2 i t h e r  n o t  b e  covered 
by i t s  r u l e s  o r  would b e  misp laced  w i t h i n  them. Hence i t  would 
be plagued w i t h  numerous l e g i t i m a t e  r e q u e s t s  f o r  v a r i a n c e s .  
And remember, w e  a r e n o t  t a l k i n g  abou t  t h e  commercial d i s t r i b u -  
t i o n  of a l i m i t e d  number of  t h e  p r o d u c t s  of t h i s  r e s e a r c h ;  ra- 
t h e r  w e  are t a l k i n g  abou t  each and eve ry  experiment .  The 
b u r e a u c r a t i c  s t r u c t u r e  r e q u i r e d  t o  c a r r y  o u t  such  a r e g u l a t o r y  
f u n c t i o u  e f f i c i e n t l y  and f a i r l y  would be  enormous and c o s t l y ;  
indeed  I doubt  i f  i t  cou ld  b e  done e f f i c i e n t l y .  Furthermore 
such  a r e g u l a t o r y  agency would have t o  e s t a b l i s h  i ts  r u l e s  i n  
t h e  absence  of  any demonst ra ted  h a z a r d ,  and i t  is  i n c o n c e i v a b l e  
t o  m e  t h a t  many of  t h e s e  r u l e s  would n o t  b e  s u b j e c t  t o  l e g a l  
cha l l enge .  F i n a l l y  w e  know t h a t  t h e  d a t a  b a s e  f o r  t h e s e  r u l e s  
w i l l  b e  changing v e r y  r a p i d l y  ( e .g . ,  t h e  d a t a  b a s e  f o r  t h e  N I H  
g u i d e l i n e s  h a s  a l r e a d y  changed s i g n i f i c a n t l y  s i n c e  they  were 
i s s u e d  las t  June ) .  This  means t h a t  t h e  r u l e s  would have t o  b e  
c o n t i n u a l l y  r e v i s e d .  I submit  t h a t  t h e  r e s u l t  o f  a r e g u l a t o r y  
a t t empt  on t h i s  scale  would be  a n ightmare  of  waste, f r u s t r a -  
t i o n  and i n h i b i t i o n  of t h e  t a l e n t s  of  t h i s  n a t i o n .  

Th i s  n e c e s s a r i l y  

I sugges t  t h e  fo l lowing  a l t e r n a t i v e ,  which is  based on t h e  
modes by which b a c t e r i a  and v i r u s e s  t h a t  are known t o  b e  patho-  
g e n i c  t o  man have been handled  s a f e l y  i n  h o s p i t a l s  and l abora -  
t o r i e s  th roughout  . t h i s  coun t ry  f o r  decades .  N o  f e d e r a l  r egu la -  
t o r y  agency ove r looks  t h e s e  a c t i v i t i e s  because  expe r i ence  h a s  
shown t h a t  none i s  necessa ry .  Rather  a s t a n d a r d  set  of good 
p r a c t i c e s  h a s  been t augh t  and fo l lowed by t h e s e  i n s t i t u t i o n s ,  
on t h e  b a s i s  of  s a n i t y  and p u b l i c  consc ience .  For  recombinant  
DNA r e s e a r c h ,  I s u g g e s t  t h a t  t h e  same mode should  b e  fo l lowed,  
w i t h  t h e  d i f f e r e n c e  t h a t  t h e  N I H  g u i d e l i n e s  would d e f i n e  t h e  
s t a n d a r d s  of good p r a c t i c e .  They p rov ide  an ex t remely  conserva-  
t ive  gu ide  € o r  t h e  containment  c o n d i t i o n s  t o  be  used f o r  g e n e r a l  
classes of  exper iments .  They w e r e  formula ted  a f t e r  e x t e n s i v e  
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d e l i b e r a t i o n  i n  open meet ings  t h a t  i n v i t e d ,  r e c e i v e d  and in -  
co rpora t ed  much p u b l i c  i n p u t .  Thus, t h e s e  c o n d i t i o n s  of f o r -  
mu la t ion  comprised t h a t  b l end  of e x p e r t i s e  and p u b l i c  concern  
which one  d e s i r e s  i n  d e f i n i n g  s t a n d a r d  good p r a c t i c e s .  Fur- 
thermore ,  t h e r e  i s  no r eason  why t h i s  sane r e s p o n s i b l e  me- 
chanism cannot  b e  used t o  e f f i c i e n t l y  change t h e  g u i d e l i n e s ,  
and hence  t h e  d e f i n i t i o n  of good p r a c t i c e ,  as t h e  d a t a  b a s e  
changes.  The r e g u l a t o r y  mode i s  avoided  by t h i s  mechanism, 
and,  on t h e  b a s i s  of e x p e r i e n c e  w i t h  r e a l  pa thogens ,  i t  i s  
l e g i t i m a t e  t o  do so .  C e r t a i n l y  a s t r o n g  element  of  t h e  absurd  
would b e  in t roduced  i f  t h e  government e s t a b l i s h e d  a vast re- 
g u l a t o r y  network t o  o v e r s e e  expe r imen ta t ion  i n  a n  area where 
no haza rd  h a s  been demonst ra ted ,  y e t  h a s  found i t  unecessa ry  
t o  do s o  w i t h  known human pa thogen ic  a g e n t s .  

These comments are more ex tended  t h a n  I had o r i g i n a l l y  
i n t e n d e d ,  a l though  I r e a l i z e  t h a t  even w i t h  t h i s  l e n g t h  they  
do n o t  cover  a l l  t h e  b a s e s .  I hope i n  any case t h a t  t hey  
are of some use .  

C o r d i a l l y ,  

David S. Hogness 
P r o f e s s o r  of Biochemistry 
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